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UBIQUINONE COMPOSITION AND METHODS RELATED THERETO 



BACKGROUND OF THE INVENTION 



The present invention relates to ubiquinone compositions that can be used to 
5 deliver ubiquinones to a host and to methods of making such compositions. 

Ubiquinones, such as Coenzyme Qio (hereinafter "CoQio")> are essentially a 
vitamin-like substance. C0Q10 is found in small amounts in a wide variety of foods 
and is synthesized in all tissues. The biosynthesis of C0Q10 from the amino acid 
tyrosine is a multi-stage process requiring eight vitamins and several trace elements. 
10 Co-enzymes are co-factors upon which comparatively large and complex enzymes 
depend for their function. CoQio is the co-enzyme for at least three mitochondrial 
enzymes (complexes I, II and III) as well as enzymes in other parts of the cell. 

Mitochondrial enzymes of the oxidative phosphorylation pathway are essential 
for the production of adenosine triphosphate (ATP), upon which all cellular functions 
1 5 depend. CoQio plays a critical role in the sequential transfer of electrons in the 
mitochondrion. 

In addition to electron transport in the mitochondrion, CoQio has also been 
found to be important in the prevention of cellular-free radical damage, oxygenation 
at the cellular level, as well as other benefits. 

20 Studies have demonstrated that sufficient levels of CoQio promote optimal cell 

function in the human body. Significantly decreased levels of CoQio have been noted 
in a wide variety of diseases in both animal and human studies. CoQio deficiency may 
be caused by insufficient dietary CoQio, impairment in CoQio biosynthesis, excessive 
utilization of CoQio by the body, or any combination. 

25 Various CoQio formulations and methods of administration have been 

evaluated in clinical settings and demonstrate the potential and versatility of CoQio 
compositions for a broad spectrum of disorders. CoQio has been labeled a 
"breakthrough" drug in congestive heart failure - showing clinical benefit in 75% of 
patients (Greenberg and Frishman, 1 Clin. Pharmacol, 30: 596-608 (1990); Oda, 

30 Drugs Exp. Clin. Res., 1 1 : 557-76 (1985)). CoQio has been used to combat the effects 



of muscular dystrophy, producing clinical benefit in a subpopulation of patients with 
Duchenne form (Folkers, et al., Proc. Natl Acad Scl USA., 82: 4513-6 (1985)). 
CoQio has been successfully utilized to battle periodontal disease (Wilkinson, et al., 
Res. Commun. Chem. Pathol Pharmacol, 14: 715-9 (1976)). CoQio has been 
5 implicated in the reduction in toxicity of chemotherapeutic drugs, e.g., cardiac 

toxicity of adriamycin (R. Ogura, et al, J. Nutr. Scl Vitaminol, 28: 329-34 (1982)). 
CoQio has been successfully implemented in the correction of drug-induced 
deficiencies, e.g., psychotherapeutic, diabetes and beta-blocker drugs (Katsumoto and 
Inoue, Jpn. Circ. J, 47: 356-62 (1983)). CoQio has been used in immune restoration, 
10 e.g., aging, AIDS, allergies (Suzuki, et al, Jpn. J. Surg., 16: 152-5 (1986); Folkers, et 
al, Res, Commun. Chem. Pathol Pharmacol, 38: 335-8 (1982); Folkers, et al., 
Biochem. Biophys. Res. Commun., 193: 88-92 (1993)). 

CoQio supplementation can be beneficial at any age, but due to statin-types of 
hyperlipidimia medications removing naturally occurring CoQio from the body and 
1 5 the age related depletion of the body's natural resources of CoQio by age 35, CoQio 
supplementation may be most beneficial to those above age 35. Studies have shown 
that a decrease in CoQio levels by 25% results in an inability of the body to produce 
enough cellular energy to remain healthy. A decline of 75% in CoQio can be fatal. 

Ubiquinones, including CoQio, are essentially insoluble in aqueous media. 

20 This insolubility may be attributed to the long hydrocarbon isoprenoid side chain 
which provides the molecule with its extremely lipophilic characteristics. These 
characteristics, among other effects, appear to be the source of the very slow 
absorption rates of the molecule. Pharmacokinetic data has demonstrated that 
intestinal absorption of ubiquinones is slow and ineffective in human subjects. By 

25 way of example, after administration of CoQio there is a lag time of about 1 hour 
before increased plasma levels of CoQio can be detected. A second absorption peak 
appears after about 24 hours. Approximately seven days of administration is required 
to achieve maximum steady-state plasma levels. Furthermore, absorption of orally 
administered CoQio is variable and generally in the range of only about 2-5%. 
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Others have primarily focused on the production of the fatty emulsion of 
CoQio in order to increase bioavailability and stability of CoQio- All of these 
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formulations contain emulsifying agents. In fact, none of these C0Q10 formulations 
are free of detergents or surfactants. Further, because of the nature of the oil 
emulsion, these formulations provide limited bioavailability in concentrations of 
CoQio to the desired delivery sites in the body. Generally, oil formulations are highly 
viscous formulations with relatively low CoQio concentration and accumulates slowly 
into cell membranes; commonly no more than 10 mg per ml. More importantly, 
emulsions are slowly absorbed and accumulate at low levels in cells. 

Therefore, there remains a need for ubiquinone-containing compositions, for 
example compositions containing CoQio, with improved stability and bio activity 
characteristics. 

SUMMARY OF THE INVENTION 

In accordance with the present invention, an ubiquinone composition is 
provided. The composition includes a glycoprotein matrix bound to the ubiquinone. 
In a preferred embodiment, the ubiquinone is CoQio. The glycoprotein matrix can be 
produced by microorganisms, such as yeast or bacteria. Preferred microorganisms are 
Saccharomyces cervisiae and bacteria within the genus Lactobacillus. The 
composition of the invention can also include stabilizers or additives to improve its 
properties. For example, in a preferred embodiment, the composition of the invention 
also includes a bioflavanoid, such as hesperidin, as a stabilizer. 

A nutritional supplement is also provided. As discussed above, ubiquinones, 
such as CoQio? have been shown to be beneficial for health. The nutritional 
supplement includes the ubiquinone composition of the invention, having a 
glycoprotein matrix bound to the ubiquinone. 

A method is also provided for preparing an ubiquinone-containing 
composition. The method includes binding at least one ubiquinone to a glycoprotein 
matrix. In a preferred embodiment, the glycoprotein matrix is formed by glycoprotein 
producing microorganisms. Thus, the binding includes contacting the ubiquinone 
with a glycoprotein producing microorganism under conditions such that the 
microorganism will produce glycoprotein. 



The ubiquinone composition of the invention demonstrates improved 
properties as compared to commercially available ubiquinone compounds. Thus, a 
method is also provided for increasing the bioactivity of ubiquinone. A separate 
method is similarly provided for increasing the stability of ubiquinone. Both methods 
5 include binding the ubiquinone, such as CoQio, to a glycoprotein matrix. 

A method is also provided for delivering an ubiquinone compound to a host. 
The method includes binding the ubiquinone with a glycoprotein matrix to form an 
ubiquinone-containing composition and administering the composition to the host. 

DETAILED DESCRIPTION OF THE INVENTION 

10 In accordance with the present invention, a composition is provided which 

includes an ubiquinone, such as CoQio, or a derivative thereof, and a glycoprotein 
matrix. The composition of the invention provides improved stability and bioactivity 
characteristics. 

Ubiquinones are a group of lipid soluble benzoquinones some of which are 
15 involved in mitochondrial electron transport. Structurally, ubiquinones have a 2,3- 
dimethoxy-5-methylbenzoquinone nucleus and a variable terpenoid side chain 
containing from one to twelve mono-unsaturated trans-isoprenoid units (see the 
general structure below). The differences in properties among ubiquinones has been 
attributed to the difference in length of the terpenoid side chain. A dual nomenclature 
20 exists for these compounds and is based upon the length of the terpenoid side chain. 
A benzoquinone of this family is therefore properly referred to as either "Coenzyme 
Q n " where n is an integer from one to twelve and designates the number of isoprenoid 
units in the side chain, or alternatively, "ubiquinone (x)" where x designates the total 
number of carbon atoms in the side chain and is a multiple of five. For example, the 
25 most common ubiquinone in animals has a ten isoprenoid side chain and is referred to 
as either Coenzyme Qio or ubiquinone (50). 

The term "ubiquinone" includes compounds represented by the following 
general formula 1 : 
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wherein typically n = 1-12, preferably n = 6-12, and most preferably n = 10. 
Ubiquinones utilized in the present invention may be isolated in nature where n = 6- 
10, or synthetically produced where n = 1-12 using any one of several methods, 
5 including, by way of example, those described in Ramasara, Coenzyme Q 

Biochemistry, Bioenergetics and Clinical Applications of Ubiquinone, G. Lenz (ed.), 
John Willey & sons, New York, Ch. VI, pp. 131-144 (1985); Gibson and Young, 
Methods in Enzymology; and Fleischer and Packer (eds.), Academic Press, New 
York, pp. 600-609 (1978). One of ordinary skill in the art will appreciate that changes 
1 0 may be made to the ubiquinone to form a derivative without altering the antioxidant 
function thereof. 

The term "ubiquinone" as used herein includes derivatives thereof. Referring 
to the general ubiquinone formula above, derivatives would include, for example, 
modifications of the methyl group at C 5 , the methoxy groups at C 2 and C 3 , as well as 

15 modifications of the isoprenoid side chain at C 6 . Generally, these small changes 
would not significantly adversely alter the functional properties of the ubiquinone. 
More specifically, the modification at one or more of these positions will not 
adversely affect the oxidation-reduction properties of the modified ubiquinone so as 
to significantly diminish its anti-oxidant characteristics. In addition, such small 

20 changes in the isoprenoid side chain will not adversely affect the lipophilic 

characteristics of the modified ubiquinone. Accordingly, small changes resulting 
from modification of the substituents of a particular ubiquinone's benzoquinone 
nucleus are included within the scope of the ubiquinones in the present invention. 

Examples of derivatives also include, for example, modification or 

25 substitution of the C 5 methyl group, the C 2 and C 3 methoxy groups, or the isoprenoid 

side chain with additional substituents, such as lower alkyl groups having from one to 
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six carbons including branched, cyclic and straight chain alkyl groups; aryl 
substituents including phenyl and substituted phenyl substituents; aralkyl substituents 
including benzyl and tolyl substituents; halogen substituents including fluoro 
substituents; oxygen substituents including hydroxy, lower alkoxy, ether, and ester 
5 substituents; nitrogen substituents including amino and amido substituents; sulfur 
substituents including thiol, thioether, and thioester substituents. In addition to 
substituting the C 5 methyl group and/or the C 2 and C 3 methoxy groups with the above 
noted substituents, replacement of these groups with these substituents provides 
ubiquinones that are also included within the scope of this invention. 

10 In a composition of the invention, a glycoprotein matrix is bound to at least 

one ubiquinone. C0Q10 is the preferred ubiquinone. The glycoprotein matrix 
molecules are believed to be bound to the ubiqinone molecules by weak covalent 
Q bonds. 

= J The composition can contain essentially any percentage of ubiquinone as 

1 5 desired. For example, the percentage of ubiquinone can vary between 1 and 99% by 
Rj weight of the composition. In a preferred embodiment, the composition will contain 

*~ between about 5 and 15% by weight of the composition. Approximately 8% 

|3 ubiquinone by weight of the composition is most preferred. 

The glycoprotein matrix is the glycoprotein to which to ubiquinone compound 
?f 20 is bound. Gycoprotein is a composite material made of a carbohydrate group and a 

simple protein. The carbohydrate in the glycoprotein can be any suitable 
carbohydrate, such as a monosaccharide, disaccharide, oligosaccharide, or 
polysaccharide. Oligosaccharide is preferred. The protein of the glycoprotein can 
any suitable polypeptide. The ratio of carbohydrate to protein in the glycoprotein 
25 matrix can vary, for example, from 99: 1 to 1 :99 by weight. A ratio of approximately 
1 : 1 is preferred. 

The ratio of glycoprotein matrix to ubiquinone can also vary. It is preferred 
that the ratio of glycoprotein matrix to ubiquinone will be such that nearly all of the 
ubiquinone in the composition is bound by glycoprotein matrix. In order to bind all or 
30 nearly all of the ubiquinone, applicants have found that a ratio of glycoprotein matrix 
to ubiquinone of approximately 6:1 by weight works well. However, to ensure that 



essentially all of the ubiquinone is bound, higher ratios of glycoprotein matrix to 
ubiquinone can be used, e.g. 10:1 . The invention also contemplates a composition 
where there may be insufficient glycoprotein to bind all of the ubiquinone. In such 
cases, the ratio of glycoprotein matrix to ubiquinone can be less, e.g. 1:1. 

In a preferred embodiment, the source of the glycoprotein matrix is a 
microorganism and, therefore, a preferred composition of the invention will include 
microorganisms. At the end of the manufacturing process of the composition, these 
microorganisms are usually inactive. 

As discussed more specifically below, the glycoprotein matrix can be bound to 
the ubiquinone by allowing the microorganism to ferment, in the presence of the 
ubiquinone. As used herein, fermentation is the process by which microorganisms 
metabolize raw materials, such as amino acids and carbohydrate, to produce 
glycoprotein. 

The microorganisms produce glycoprotein both intracellular^ and 
extracellularly The intracellular glycoprotein will mainly be located in the cytoplasm 
of the microorganism or become part of the microorganism's physical structure. The 
glycoprotein from the microorganism that forms the glycoprotein matrix is mainly 
extracellular and, therefore, is available to be bound to ubiquinone. 

Microorganisms that produce a glycoprotein matrix include yeast and some 
bacteria. A preferred yeast is Saccharomyces cervisiae. Bacteria that produce 
glycoprotein include bacteria within the genus Lactobacillus. For example, such 
bacteria include, but are not limited to, Lactobacillus acidophilus^ Lactobacillus 
bulgaricus, Lactobacillus caucasicus, and Bacterium bifidus. Preferred bacteria 
include Lactobacillus acidophilus, and Bacterium bifidus. 

In a separate preferred embodiment, the composition includes a bioflavanoid. 
Bioflavanoids have similar characteristics to ubiquinone and, therefore, act to stabilize 
the composition. A bioflavanoid is a group of naturally occurring substances thought 
to maintain normal conditions in the walls of small blood vessels. Bioflavanoids are 
widely distributed among plants, especially citrus fruits (hesperidin), black currants 
(rutin) and rose hips (quercitin). The bioflavanoid can also act to increase the 



production of glycoprotein by the microorganism. A preferred bioflavanoid is 
hesperidin. 

The amount of bioflavanoid should be sufficient to achieve the desired 
stabilizing results. For example, the preferred range of amount of bioflavanoid in the 
composition of the invention can vary from approximately 5-15% by weight of the 
composition. An amount of approximately 6% by weight of the composition is most 
preferred. 

The invention also includes a nutritional supplement that includes a 
composition of the invention as described above. It is known to administer 
ubiquinone and, specifically, CoQio, for the treatment or prevention of various 
ailments. Thus, the nutritional supplement should contain an amount of the 
composition such that a sufficient amount of ubiquinone is administered to achieve 
the desired result. Such amounts can be determined by one skilled in the art. 

The composition of the invention can be manufactured so as to be 
biocompatible. Since the nutritional supplement is to be ingested, the microorganism 
used to produce the glycoprotein should be suitable for consumption by mammals, 
especially humans. Examples of such microorganisms include Lactobacillus 
acidophil lus and Saccharomyces cervisiae. The nutritional supplement can also 
include pharmaceutically acceptable buffers, excipients, diluents, adjuvants, 
flavorings, and the like. 

A method of preparing an ubiquinone-containing composition is also 
provided. The method includes binding a glycoprotein matrix to at least one 
ubiquinone. 

In a preferred embodiment, the binding of the glycoprotein matrix to the 
ubiquinone includes contacting the ubiquinone to a glycoprotein producing 
microorganism under conditions in which the microorganism produces glycoprotein. 
The microorganisms require a medium in which to ferment and produce glycoprotein. 
Such media are known to those skilled in the art, and are usually liquid. Water is 
preferred. The microorganism solution should contain enough growth medium so as 
to allow for efficient growth of the microorganisms, as is known in the art. For 
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example, to produce approximately 4 kg of a composition of the invention, 
approximately 4 liters of H 2 0 can be used in the microorganism solution. When the 
microorganisms are added to the liquid medium, a microorganism solution is formed. 

A microorganism solution is prepared in which the microorganisms will 
5 produce glycoprotein. The microorganisms are added to an appropriate medium that 
will allow microorganism growth, such as H 2 0. The number of colony forming units 
of microorganism added to the medium will vary based upon the type of 
microorganism used. Any suitable microorganism can be used that produces a 
glycoprotein matrix. It is preferred that the microorganism used be acceptable for 
10 administration to humans and mammals and, more preferably, be acceptable for 

consumption. For example, Saccharomyces cervisiae, also known as baker's yeast, 
can be used as the first microorganism. 

Combinations of microorganisms can be used provided that at least one of the 
microorganisms produces glycoprotein. When using combinations of 
1 5 microorganisms, the growth of one type of microorganism should not prevent the 
growth of the other. For example, various types of different yeast that produce 
glycoprotein can be used. Also, yeast and bacteria can be combined to produce 
glycoprotein. This combination is particularly advantageous because various types of 
bacteria, such as Lactobacillus acidophilus, also produce glycoprotein. 

20 A sufficient amount of colony forming units should be added to the 

microorganism solution to bind at least some of the ubiquinone. If the composition of 
the invention is to contain a small amount of ubiquinone, fewer microorganisms will 
be required to bind the ubiquinone with glycoprotein matrix. It is preferred that 
enough colony forming units be added to the microorganism solution to bind 

25 essentially all of the ubiquinone with glycoprotein matrix. One skilled in the art can 
determine such amounts. For example, when using baker's yeast to create a 
glycoprotein matrix to bind essentially all of the ubiquinone, approximately 375g 
baker's yeast having approximately 10 billion colony forming units per gram can be 
added to 4 liters of aqueous medium containing 475g CoQio to be bound. 

30 The microorganisms that produce the glycoprotein require nutrients to 

efficiently grow, multiply, and form glycoprotein by metabolizing the nutrients. The 
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nutrients can be directly added to the microorganism solution or can be added to a 
nutrient media, which is then added to the microorganism solution. 

Amino acids are one nutrient necessary for efficient glycoprotein production. 
The amino acids are metabolized by the microorganisms and ultimately become part 
of the polypeptide within the glycoprotein matrix. The amino acids should include 
those that are suitable for the manufacture of glycoprotein. Such amino acids include, 
but are not limited to, glutamine, lysine, cysteine and methionine, aspartic acid, 
leucine, valine, alanine, arginine, and glycine. The amino acids need not be in a pure 
form, but can be added as part of a stable compound. Examples of amino acid 
compounds that can be used are L-Glutamic Acid, L-Lysine HC1, L-Cysteine HC1 and 
DL-Methionine. 

The amount of amino acids will vary based upon the amount and percentage 
of ubiquinone desired to be bound by glycoprotein matrix. For example, if essentially 
all of the ubiquinone is to be bound by glycoprotein matrix, the ratio of amino acids to 
ubiquinone in the microorganism solution will usually be approximately 2:1 by 
weight. 

Carbohydrate is another nutrient necessary for the efficient production of 
glycoprotein by the microorganism. As with the amino acids, the carbohydrate can be 
added to a nutrient media, which is then added to the microorganism solution, or can 
be added directly to the microorganism solution. Carbohydrates beneficial for the 
production of glycoprotein are known in the art. The carbohydrate can be, for 
example, a polysaccharide, oligosaccharide, disaccharide or monosaccharide or 
combinations thereof. Examples of appropriate carbohydrates include, but are not 
limited to, maltose and gum acacia. Maltose is most preferred. 

The amount of carbohydrate added to the nutrient media or microorganism 

solution will vary depending upon the complexity and molecular weight of the 

carbohydrate added to the solution. The amount of carbohydrate should be sufficient 

to permit the microorganisms to produce the glycoprotein matrix. The amount of 

carbohydrate necessary will also vary based upon the amount and percentage of 

ubiquinone desired to be bound by glycoprotein matrix. For example, when it is 

desired to bind essentially all of 475 g of ubiquinone, it is preferred that carbohydrate 

10 



be added in an amount between about 100 to 150 grams per liter of aqueous medium 
solution. 

The binding of the ubiquinone occurs in the microorganism solution as the 
glycoprotein is being produced by the microorganisms. Thus, the microorganism 
5 solution will contain the ubiquinone to be bound by glycoprotein matrix. The 

ubiquinone is added before or soon after fermentation of the microorganisms begins. 

If desired, appropriate additives may be included to the microorganism 
solution. The amount of additive would be the amount necessary to obtain the desired 
beneficial result, without diminishing the viability of the microorganism or the 
1 0 production of glycoprotein by the microorganim. The amounts of such additives can 
be determined by one skilled in the art. 

Such additives may include, for example, stabilizers. Stabilizers are 
substances that improve the stability of the CoQio. One example of such a stabilizer 
is bioflavanoids. Preferred bioflavanoids include hesperidin, quercitin and rutin. 

1 5 Since these bioflavanoids are naturally obtained, commercially available 

bioflavanoids very often will include additional materials such as fibers or cellulose. 
The active portion, e.g. hesperidin, quercitin, or rutin, will make up a percentage of 
the bioflavanoid. The active ingredient in the bioflavanoid will usually vary between 
approximately 10 - 60%. When using a natural bioflavanoid as a stabilizer, an 

20 amount of between about 500 to about 1000 g per 425g of ubiquinone is preferred. 
Approximately 825g of bioflavanoid per 425g of ubiquinone is most preferred. 

Other additives can be added which, for example, improve the viability of the 
microorganisms that produce the glycoprotein or increase the yield of glycoprotein 
that becomes bound to the ubiquinone. For example, salts can be added in order to 

25 increase the viability of the microorganism. Such salts include, but are not limited to, 
calcium carbonate, ammonium sulfate, and magnesium sulfate. Calcium carbonate is 
preferred. The amount of salt added to the microorganism solution should be 
sufficient to obtain the desired result of improving the viability of the organism, as is 
known in the art. A preferred range of salt added to the microorganism solution is 

30 between about 25 to about 1 50 grams of salt per 375 grams of microorganism, such as 
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Saccharomyces cerivisiae. Approximately 40 g of salt per 375 gram of 
microorganism is most preferred. 

In a preferred embodiment, substances are added to the microorganism 
mixture that will further induce the growth of the microorganisms and the 

5 fermentation resulting in the formation of a glycoprotein matrix. For example, it may 
be beneficial to add a nutritional substance to the microorganism mixture. Examples 
of such nutritional substances include soy flour and nutritional yeast, such as inactive 
baker's yeast or inactive brewer's yeast. When using soy four, non-genetically 
modified organism (non-GMO) soy flour is preferred. Such nutritional substances 

1 0 feed the microorganisms, thereby inducing growth and the manufacture of 
glycoprotein. 

The method of the invention does not require that the ingredients ultimately 
forming the microorganism solution be added in any particular order. For example, as 
discussed above, the amino acids and carbohydrate metabolized by the 
1 5 microorganisms can each be added to a nutrient media that is added to the 

microorganism solution or can be added directly to the microorganism solution. Also, 
the ubiquinone can be directly added to the microorganism solution or can be added to 
a nutrient media that is then added to the microorganism solution. 

If a nutrient media is prepared, it is preferred that the nutrient media include at 
20 least the amino acids. The nutrient media can also include other ingredients, for 

example, the ubiquinone, carbohydrate, salt, and stabilizer. Also, in order to create a 
more homogenous nutrient media, the temperature of the nutrient media can be raised. 
However, the temperature of the nutrient media should remain below the temperature 
at which the components of the nutrient media will decompose. For example, a 
25 nutrient media containing amino acids, CoQio and bioflavanoid can be heated to a 

temperature of about 130°F before being added to the microorganism solution. If the 
nutrient media is heated, it should be allowed to cool, e.g. to about 95°F, before being 
added to the microorganism solution. Also, the nutrient media should be added 
slowly to the microorganism solution so as to minimize the disturbance of the 
30 microorganisms in solution. 
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The microorganism solution should be maintained under conditions that 
permit optimal microorganism growth. For example, a temperature range of between 
about 90-95°F is suitable for most glycoprotein producing microorganisms. The 
microorganisms should also be permitted to ferment for a sufficient period of time to 
5 produce the desired amount of glycoprotein matrix. As discussed above, this time 
will vary based upon, among other factors, the amount and percentage of ubiquinone 
to be bound by glycoprotein matrix. For example, in order to fully bind 475g 
ubiquinone, applicants allowed a microorganism solution containing 375 g active 
baker's yeast to ferment for approximately four hours at 90-95°F. 

10 In a preferred embodiment, a proteolytic enzyme is added to the 

microorganism solution after the microorganisms in the microorganism solution have 
been permitted to ferment. Suitable proteolytic enzymes include, but are not limited 
to, papain, bromelain, pepsin or fungal protease. Without being bound by theory, it is 
believed that the proteolytic enzymes assist in breaking down the cell wall of the 

1 5 microorganisms. This breaking down of the cell wall of the microorganism may help 
in releasing the glycoprotein produced by the microorganism and improves the 
digestibility of the final composition in humans. 

The amount of proteolytic enzyme added to the microorganism solution 
should be sufficient to break down the cell wall of the first microorganism, but should 
20 not affect the integrity of the glycoprotein produced by the microorganism. This 
amount will vary depending upon the number of microorganisms in the 
microorganism solution. Typically, approximately 1 to 50g of proteolytic enzyme 
will be added per 500g microorganism. 

Additional microorganisms can be added to the microorganism solution after 
25 the first microorganisms are added. It is preferred that the additional microorganisms 
be added after the first microorganisms have been permitted to ferment, but before the 
microorganism solution has been dehydrated. In a preferred embodiment, the 
additional microorganisms also produce glycoprotein. Therefore, after the additional 
microorganisms are added to the microorganism solution, the solution should be 
30 maintained at a temperature and conditions so as to permit the growth and 

fermentation of both the first and additional microorganisms. Such conditions are 
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known in the art and will usually coincide with the growth conditions for the first 
microorganisms, as discussed above. 

Bacteria can be utilized as an additional microorganism. As with the first 
microorganisms, it its preferred that the additional microorganisms be suitable for 
5 administration to mammals and, more preferably, suitable for human consumption. 
Examples of such bacteria are bacteria of the genus Lactobacillus, for example 
Lactobacillus acidophillus. 

The appropriate number of colony forming units of the additional 
microorganisms can be determined by one skilled in the art. For example, when 
10 Lactobacillus acidophillus and Bacterium bifldus are introduced as additional 

microorganisms, approximately 125 g of bacteria per 475 g of ubiquinone can be 
added having approximately 4 billion colony forming units per gram of bacteria. 

Due to the medium used to grow the microorganisms, the microorganism 
solution will usually be in the form of an aqueous mixture or solution. When the 

1 5 microorganism solution is in the form of an aqueous solution, it is preferred that the 
microorganism solution be dehydrated after fermentation has taken place and the 
ubiquinone has been bound by the glycoprotein matrix. Methods of dehydrating 
solutions are known in the art. For example, such methods include freeze-drying, 
spray drying, open air drying, and drum drying. Spray drying is preferred. A longer 

20 dry time may be necessary depending on various factors, such as total water content, 
equipment used, and atmospheric humidity. However, after dehydrating the 
microorganism solution, the resulting product should be a fine powder, which can 
then be manufactured into a pill or other form suitable for administration. 

The microorganism solution can be homogenized to produce a more uniform 
25 product. The homogenization is performed after the production of glycoprotein 
matrix, usually before dehydrating the microorganism solution. Methods of such 
homogenization are known in the art. For example, homogenization can be 
performed by a homogenization pump, shearing pump or, if produced in a small 
batch, a blender. 
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In a preferred embodiment, the microorganisms are deactivated before 
dehydrating, preferably by raising the temperature of the microorganism solution. For 
example, the preferred temperature and conditions for stopping the fermentation in a 
mixture containing Saccharomyces cervisiae and Lactobacillus bacteria is heating the 
mixture to approximately 160 to 170°F for approximately three hours with stirring. 

It has been discovered that binding the ubiquinone to a glycoprotein matrix as 
in the composition described increases the bioactivity of the ubiquinone. Therefore, a 
separate embodiment of the invention includes a method for increasing the bioactivity 
of an ubiquinone by binding the ubiquinone with a glycoprotein matrix. The 
ubiquinone composition of the invention will allow the ubiquinone to have an 
increased effect on the organism to which the composition is administered. 

For example, it is known that C0Q10 can have an antioxidative effect. As 
described in Example 2, compositions of the invention having C0Q10 bound to a 
glycoprotein matrix were found to have antioxidant activity approximately 20 times 
that of commercial CoQio. 

It has also been discovered that binding the ubiquinone to a glycoprotein 
matrix as in the composition of the invention can increase the stability of the 
ubiquinone. Therefore, a separate embodiment of the invention includes a method for 
increasing the stability of an ubiquinone by binding the ubiquinone with a 
composition of the invention. 

As with other vitamin or vitamin-like substances, ubiquinone can deteriorate 
when exposed to air. By binding the ubiquinone with a glycoprotein matrix, this 
deterioration is decreased. As demonstrated in Example 3, the composition of the 
invention lost only half as much CoQio over 36 days compared to commercial CoQio 
when exposed to open air at 50°C. 

In a separate embodiment, a method of delivering an ubiquinone compound to 
a host is provided. The method includes binding a glycoprotein matrix to the 
ubiquinone to form a glycoprotein matrix bound ubiquinone composition. The 
composition is then administered to the host. 
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The ubiquinone composition can be administered topically or systemically. 
Systemic administration can be enteral or parenteral. Enteral administration is 
preferred. For example, the ubiquinone composition can be easily be administered 
orally. Liquid or solid (e.g., tablets, gelatin capsules) formulations can be employed. 
The formulation can include pharmaceutical^ acceptable excipients, adjuvants, 
diluents, or carriers. The composition can also be administered intravenously, with a 
suitable pharmaceutical carrier (vehicle) or excipient, as understood by those skilled 
in the art. Topical administration can be, for example, in a cream or emollient. 

In a preferred embodiment the host is a mammal. Mammals include, for 
example, humans, as well as pet animals such as dogs and cats, laboratory animals 
such as rats and mice, and farm animals such as horses and cows. Humans are most 
preferred. Optimal doses of the ubiquinone can be determined by one skilled in the art 
based on a number of parameters including, for example, age, sex, weight, condition 
being treated, the severity of the condition, and the route of administration. 

EXAMPLE 1 

This example demonstrates the preparation of a composition of the invention. 
The particular method employs 5 kilograms of dry material to yield approximately 
4kg ubiquinone-containing composition. 

A nutrient media containing CoQio was first prepared. 1 lOg L-Glutamic Acid, 
212g L-Lysine HC1, 535g DL-Methionine, and 45g L-Cysteine HC1, and 40g calcium 
carbonate were added slowly to 4 liters H 2 0 heated to 140°F. After 30 minutes, 475 g 
CoQio, was added to the amino acid solution. The solution was stirred at about 130°F 
for approximately 4 hours and allowed to cool to 95 +/- 2°F. 825g of a natural 
bioflavanoid having 300g hesperidine was then added. 

An active yeast solution was then prepared. 375g active baker's yeast, 
Saccharomyces cervisiae (-10 billion colony forming units per gram) was added to 4 
liters H 2 0 to form an aqueous solution. 125g maltose and 625g gum acacia were then 
added. 



16 



The nutrient media containing C0Q10 was then inoculated very slowly into the 
active yeast solution to form a live fermented solution. The mixture was allowed to 
ferment for four hours at 90-95°F. 500g nutritional yeast (inactive Baker's Yeast) and 
1003g soy flour (non-GMO) were added and the mixture was allowed to ferment for 
5 four hours at 90-95°F. 5g proteolytic enzyme (Papain) was then added and allowed to 
react for 30 minutes. 

125g Lactobacillus acidophilus and Bacterium bifidus (~ 4 billion colony 
forming units/gram) were added to the live fermented solution and allowed to ferment 
for IVi hours at 95 +/- 2°F with constant stirring. Active fermentation was then 
1 0 stopped by heating the solution to 1 60- 1 70°F for three hours with stirring. 

The solution was then homogenized in a shearing pump (Charles Ross & Sons 
Corp.) for approximately 1-2 hours and spray dried (NIRO, Nicholas Engineers 
Research Corp.) for approximately 4 hours. The resulting product was a fine brown 
to tan powder, which was analyzed for stability and bioactivity. 

15 EXAMPLE 2 

The bioactivity of a composition of the invention produced in Example 1 was 
examined relative to commercially available CoQio (USP). 

A weighed portion (50-500 mg) of solid sample of the composition of the 
invention was mixed with 5 ml of 50% methanol/water and heated at 90°C in a plastic 

20 screw-capped tube with intermittent shaking for 2 hours to determine the 

unconjugated ("free") phenols present. Another weighed portion of the same sample 
was heated with 5 ml of 1.2 M HC1 in 50% aqueous methanol for 2 hours at 90°C to 
measure the unconjugated plus conjugated ("total") phenols. The extracts, each done 
in duplicate, were then filtered with a 0.45 \xm filter and stored at -20°C until assay. 

25 Values for free polyphenols and total phenols for commercial CoQio are known. 

The phenol content in the extracts was measured by the Folin-Cocialteu 
reagent (Sigma Chemical Co. 5 St. Louis, MO) using catechin (Sigma) as a standard. 
A blank, catechin standards and samples were added to the Folin reagent in a cuvette 
and after 20 minutes the color was measured at 720 nm vs. a blank. 
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Quality of antioxidant activity was determined in a dose-response assay of the 
IC 50 value, i.e. the concentration of phenols in the extract to inhibit 50% of the 
oxidation of lower density lipoproteins (LDL+VLDL). This model is an in vitro 
model of atherosclerosis where the initial step is the oxidation of the lower density 
lipoproteins, i.e. the "bad" cholesterol. LDL+VLDL is isolated from the plasma of 
normocholesterolemic humans using an heparin-agarose affinity column (H-6508, 
Sigma). Extracts of antioxidants were added in duplicate at various concentrations 
(typically 0.05 to 15 pM) to LDL+VLDL (70 |xg/ml of protein as measured vs. 
albumin standard with Coomasie Blue, Sigma). 25 \iM of the oxidant cupric ion was 
then added, the solution made to a total volume of 400 jiL with phosphate buffered 
saline, pH 7.4 (Sigma) and the solution left at 37°C for 6 hours. 

The amount of lipid peroxides was measured using thiobarbituric acid and 
fluorometry. The % of inhibition of lipid peroxide formation was calculated vs. a 
control with no added antioxidants. The IC 50 value in jxM units was then calculated. 

The amount of C0Q10 in the composition of the invention was determined by 
HPLC using UV detector, CI 8 column (Perkin Elmer Pecosil 5, 15 cm) and a solvent 
of 75% methanol and 25% isopropanol. 

The results are set forth in Table 1 below. The higher the 1/IC 50 value, the 
better the quality of antioxidants. 

The methods used are further described in: Vinson, J.A., and Hontz, B.A. 
Phenol antioxidant index: comparative antioxidant effectiveness of red and white 
wines, J. Agric. Food Chern., 1995, 43, 401-403; Vinson, J.A., Jang, J., Dabbagh, 
Y.A., Serry, M.M., and Cai, S. Plant polyphenols exhibit lipoprotein-bound 
antioxidant activity using an in vitro model for heart disease. J. Agric. Food Chem., 
1995, 43, 2798-2799; and Steinberg, D., Parthasarathy, S. ? Carew, T.E., Khoo, J.C., 
and Witzum, J.L. Beyond cholesterol: modification of low density lipoprotein that 
increases its atherogenicity. New Eng. J. Med, 1989, 320, 915-924; all of which are 
incorporated herein by reference. 
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Table 1 



SAMPLE 


IC50 










CoQio bound by glycoprotein 
contains 8.4% CoQio 


0.064 

(based on CoQio cone.) 


15.6 


CoQ 10 (USP) 


1.33 


0.751 



The results demonstrate that the CoQio composition of the invention bound to 
glycoprotein has an antioxidant activity that is 20 times better than commercially 
5 available CoQio. 

EXAMPLE 3 



The stability of the composition obtained in Example 1 was examined. 

100 mg of USP CoQio (Sigma) and a composition from Example 1 was placed 
in a 10ml beaker in a 50°C oven open to the air. The amount of CoQio remaining was 
10 analyzed by HPLC using a C18 column (Perkin Elmer Pecosil 5, 15 cm) and a solvent 
of 75% methanol and 25% isopropanol The results are set forth below in Table 2. 



Table 2 





Sample 


Loss of 


Loss of CoQio after 36 days 


Loss of CoQio after 72 




CoQio at 0 


at 50°C 


days at 50°C 






days 


(equivalent to 3 months at 


(equivalent to 6 months 








room temperature) 


at room temperature) 




USP CoQio 


0% 


6.8% 


16.8% 




CoQio bound by 


0% 


3% 


14.7% 




glycoprotein 









After 36 days, the composition of the invention lost only half as much as the 
15 commercial CoQio material, i.e. 3% vs. 6.8%. After 72 days, the composition of the 
invention lost 14.7% of its CoQio vs. 16.8% CoQio lost with the commercial sample. 
Therefore, the results show that the composition of the invention serves to increase 
the stability of the CoQio contained therein. 

While there have been described what are presently believed to be the 
20 preferred embodiments of the invention, those skilled in the art will realize that 

changes and modifications may be made thereto without departing from the spirit of 
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the invention, and it is intended to claim all such changes and modifications 
within the true scope of the invention. 
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